Abstract-Oil-water two-phase flows are encountered in various process industries, such as petroleum and chemical. The measurement of oil volume fraction and its distribution is of particular importance for managing oil production and water disposal and/or water reinjection. The water phase in these environments always has high electrical conductivity, which incurs significant difficulties for oil volume fraction measurement using electrical resistance tomography (ERT). In this paper, a method of solving this problem is introduced. A pilot plant scale flow loop at TUV NEL Ltd. was used to measure oil distribution and oil volume fraction in the range of 0-0.4. The total volumetric flow rate of oil and water was 30, 60, and 90 m 3 /h. High-electrical conductivity of water in 27.6 mS/cm was applied as continuous phase. The measurement results from ERT were validated by the readings of NEL's references and flow patterns were compared with visual observation, which demonstrated that ERT was able to visualize the oil phase distribution and monitor the local and overall oil volume fraction up to 0.4.
I. INTRODUCTION
O IL-WATER two-phase flows are frequently encountered in the petroleum industry. The measurement of oil volume fraction and distribution in the mixture is of particular importance for managing oil production, water disposal and water reinjection. The need for an informative measurement system, by which each component flow quantity is determined, has always been desired since the oil industry started. For example, in order to know the productivity of an oil reservoir, accurate information regarding the producing wells is required and therefore reliable measurement instrumentation and is required to satisfy these needs. In return, it enables optimization of the oil production and ensures long-term recovery from the reservoir. However, as producing fields begin to mature, the water content within the stream begins to increase, this may create additional flow measurement challenges, which may particularly affect the measurement accuracy of oil phase in the use of electrical conductivity-based technology.
Over the years, a considerable number of techniques have been evaluated with the aim of accurately determining the volume fraction of each phase within an oil-water flow. This is achievable by calculating the total flowrate using flowconstriction differential pressure (DP) sensors [1] - [3] , Coriolis meters, radioactive source-based gamma-densitometry, electrical inductance/capacitance [4] and magnetic sensing as well as microwave measurements. After the volume fraction is integrated into the velocity, the flow rate of individual phase is determined [5] . It is desirable to have a non-intrusive and radioactive source free oil-water flow metering method that has the potential to be extended to the measurement of oilwater-gas three-component flows without the complications of a radioactive source.
Tomography techniques have been used to provide realtime visualization of the internal structure of industrial process flows [6] . The most commonly developed tomography techniques include electrical capacitance (ECT) [7] and electrical resistance (ERT) tomography. Both of these techniques are favored due to their capability of high-speed data processing and real-time analysis. Electrical Resistance Tomography (ERT) features similar measurement capabilities to an electromagnetic flow meter (EMF), which is the flow meter of choice within the water process industry due to its high accuracy measurement of conductive flows. ERT extends this ability to measure conductive flows by providing graphical distributions of the instantaneous phase composition. This additional feature makes ERT a highly sought-after addition to multiphase oilfield applications, where the flow dynamics plays a critical role in the efficiency of the systems.
ERT has been used to analyze oil-water two-phase flow pattern [8] . Dual-plane ERT system has been used to measure the local velocity distribution of dispersed phase (i.e. oil) [9] . The Electrical Resistance Tomography system (ERT) in combination with a commercial off-the-shelf Electromagnetic Flow meter (EMF) has been used to measure the volumetric flow rate of each constituent phase of oil-water two phase flow [10] . ECT/ERT dual-modality system has also been used to measure oil-water two-phase flow, which can simultaneously obtain the permittivity and conductivity of the materials in the pipeline [11] . It is noteworthy that all of these recent works use tap water as the continuous phase of two-phase flow. Industrial process flows are often highly conductive, particularly oil and gas processing systems that may feature large quantities of sea water. It is well known that an oil-water flow can be oil continuous or water continuous. In an oilcontinuous case, electrical capacitance tomography (ECT) was used to measure the oil/water flow due to its low electrical conductivity, while in the water-continuous scenario, ERT was used to measure the water content due to the high electrical conductivity of the flow.
The purpose of this paper is to assess the accuracy of ERT across varying water and oil volume fraction two-phase flows. The paper is organized as follows. In Section II, the principle of ERT suitable for a high conductivity oilwater two-phase flow is illustrated. The relation between the equivalent impedance phase and optimal switching timing is briefly summarized. The method of calculating the oil volume fraction from the tomographic image is introduced. In Section III, The experiment system including NEL multiphase flow facility, ERT sensor, test matrix and procedure is displayed. The experimental results measured by ERT are analyzed in Section IV. Finally, the conclusions are drawn in Section V.
II. PRINCIPLE

A. Electrical Resistance Tomography (ERT)
The working principle of ERT includes current excitation to one pair of electrodes and simultaneous voltage signals acquisition on other electrode pairs. Excitation and acquisition are continuously and rapidly repeated until all the possible electrode combinations are deployed. A full set of data can produce one frame of a 2D image showing the measurement of interest. As shown in Fig. 1(a) , the most ERT systems use current source to drive a pair of electrodes and measure differential voltage cross other electrode pairs. The imaging precision of the ERT system was investigated against wiremesh sensor [12] . In the two-phase flow, the radial and overall volume fraction of the dispersed phase obtained from two imaging modalities had a good agreement. When the continuous phase of multiphase flow is ionic liquid with a considerably high electrical conductivity from dozens of mS/cm to hundreds of mS/cm, the equivalent impedance is very small and large input current is desirable to induce sufficient voltage level on the electrodes for accurate measurement. However, it is very difficult to build a current source and provide constant current output with more than 75mA amplitude at 10 kHz or higher frequency. This is the first hurdle stopping ERT's application on high conductivity two-phase flow.
A recently developed and patented ERT system [13] , suitable for a high conductivity flow, applies a voltage source to a pair of adjacent electrodes as an excitation. The amplitude of output current depends on impedance of fluids inside the ERT sensor. As illustrated in Fig. 1(b) , the output current from the voltage source and voltages cross successive pairs of adjacent electrodes must be sensed simultaneously to calculate mutual impedances (Z = V /I ).
For ERT, the linearized model representing the relationship between the relative change in mutual impedance Z/Z and the relative change in conductivity σ /σ within the cross section surrounded by N electrodes is expressed as
where j is the ordinal number of independent measurements; the cross section surrounded by all electrodes is split into W pixels (N and W are 16 and 316 respectively in this case) by dash lines in Fig. 1 , k is the ordinal number of pixel; Z j and Z j refer to the reference mutual impedance and the mutual impedance change during the j th measurement; σ 1 is usually the conductivity of continuous phase and σ k is the conductivity change at the k th pixel while oil is injected into the pipe. To satisfy Eq. (1), a critical condition should be met σ k σ 1 ; s j (σ k ) denotes the sensitivity coefficient at the k th pixel during the j th measurement. The sensitivity coefficients at all pixels are calculated by
where k is the discrete 2D area of the k th pixel, φ is the potential distribution within the k th pixel when the excitant electrode pair during the j th measurement is excited by I φ and other electrodes are set to high impedance, ϕ is the potential distribution at the k th pixel when the measurement electrode pair during the j th measurement is excited by I ϕ and other electrodes are set to high impedance. These potential distributions are commonly calculated via Finite Element Method (FEM) software because the model for obtaining these potential distributions is nonlinear and difficult to be solved analytically.
As all of the mutual impedances and sensitivity coefficients are known, the image of the relative change in conductivity can be reconstructed using Modified Sensitivity Back Projection (MSBP) algorithm expressed as [14] 
B. Estimation of Oil Volume Fraction
In a tomographic image, the relative change in conductivity of each pixel can be converted into the local oil volume fraction α k of the dispersed phase using the widely used Maxwell relationship [15] with non-conductive dispersed phase (oil in this case)
The only variable, relative change in conductivity σ k /σ 1 , can be obtained by ERT according to Eq. (3).
C. Optimal Switching Timing
In operation of ERT, the excitation source is frequently switched to different electrodes. Due to the presence of capacitive components in the electrode-electrolyte interface and aqueous fluid, after the excitation source is switched among the electrodes, the transient time of voltage signal is not negligible. As shown in Fig. 2 , the variation of signal amplitude is due to the roles of electrodes changing between excitation and measurement. During the first 100 periods, the electrode pair worked as an excitation source and the signal amplitude stays the maximum. Afterwards, this pair acted as responding electrodes because the excitation source was switched to its adjacent pair of electrodes then further far away. A transient process after each switching occurs because of the mismatch of switching timing, which considerably deteriorates the measurement accuracy of ERT and becomes another hurdle stopping ERT's application on high conductivity two-phase flow in the past. One possible solution of solving this problem is to wait until transient process settles down before voltage signals are recorded at the cost of reducing the data acquisition speed.
A much advanced solution was developed. Depends on different analytical purpose, the ERT sensor and fluids inside can be modelled as a RC circuit in series, parallel, even combination. In this work, the transient process of the RC circuit is analysed, therefore, the ERT sensor with fluids inside is regarded as the RC circuit in series [16] , whose impedance is expressed as Z :
The phase angle of equivalent load impedance, ψ, is denoted as Eq. (6): The electrical conductivity indicates the ionic concentration in the aqueous solution. A Solartron impedance Analyzer 1260A was used to conduct impedance spectroscopic scanning on a 16 cm ERT sensor containing saline solution. The spanning frequency range is from 10 μHz to 32 MHz with 0.015 ppm resolution. Impedance data at 10 kHz was extracted from the spectrum, because the ERT system in this study has fixed 10 kHz excitation frequency.
When the conductivity of saline solution varied from 0.35 mS/cm to 51.94 mS/cm, the overall equivalent resistance R and capacitance C is shown in Fig. 3 . Resistance decreases from 106.90 to 0.57 with increase of electrical conductivity of the saline solution, meanwhile, capacitance increases from 4.17 μF to 74.00 μF (X-axis in Fig. 3 is in a common logarithmic unit) . Correspondingly, as shown in Fig. 4 , the phase angle decreases from -2.0 to -20.8 degree with the increase of electrical conductivity is displayed in Fig. 4 .
In practical industrial operation, it is not feasible to obtain phase angle using an impedance analyser. A more efficient way to calculate phase angle ψ is formulated in Eq. (7). Any two voltage values u 1 and u 2 with 90 degree phase delay are sampled on the voltage source output. Two current output values i 1 and i 2 from the voltage source are synchronically sampled as well, hence the phase angle is computed within quarter period. Many factors can affect the value of the phase angle, for instance, liquid conductivity, dimensions of the ERT sensor and type of liquid solution. After the specific phase angle ψ is determined, the optimal phase shift ϕ can be implemented to eliminate transient time. A simple relation between ψ and ϕ is denoted in Eq. (8) . The detailed derivation process can be found in literature [16] . Once optimal switching timing is obtained and applied to the ERT system, the transient state in Fig. 2 is completely eliminated as shown in Fig. 5 .
D. Online conductivity calibration
All experiments in this paper is based on fixed water conductivity, because the flow loop has temperature control to maintain constant fluid temperature. However in real oil pipeline flow, the electrical conductivity can be changed due to fluid temperature, ionic concentration, and internal energy conversion. Hence, the conductivity of continuous phase in two phase flow might be different after the reference was taken for continuous phase only. Without online conductivity calibration, the EIT measurement could incur large drift error and affect the estimation of oil volume fraction. According to the approximated linear relationship between temperature and conductivity, monitoring temperature can indirectly calibrate conductivity. However, conductivity change can be caused by other factors besides temperature. A better approach is to directly measure conductivity using a conductivity cell, which consists of a gravitational separation chamber with refreshing bypass and grounded shielding plate [17] . The cell can online calibrate the electrical conductivity of continuous phase to eliminate drift error of ERT measurement.
III. EXPERIMENT AND RESULTS
A. V5r ERT System
The v5r ERT system from ITS plc was used in the experiment, which was originally developed by the University of Leeds [13] . The v5r ERT system has unique features as described in Section II. It performs full impedance measurement cross a wider conductivity range [18] , automatically calculates the equivalent phase angle, and applies optimal switching timing. Its imaging rate is up to 625 frames per second. The high frame rate of the v5r ERT system means that it can help to monitor rapidly evolving processes or dynamic flow conditions. In addition, the temperature sensor and the conductivity cell can be integrated into the system for some practical applications where the conductivity changes during the process.
B. NEL Multiphase Flow Facility
NEL is the UK's leading provider of independent consultancy, on-site measurement, testing and calibration, research and development and training services to the global oil & gas sector. NEL also has substantial investment in research & development. They have been at the forefront in all stages of multiphase meter development. The multiphase flow R&D work carried out by NEL over the last two decades has played a significant role in the development of multiphase metering technology. A schematic of the NEL Multiphase Flow Loop is illustrated in Fig. 6(a) . The facility is based around a three-phase separator which contains the working fluids. The separator is fully equipped with heat exchangers which allow the temperature of the oil and water to be maintained within ±1°C across the range of approximately 10°to 50°C. Normal operating temperatures are 20°C to 40°C.
Oil and water are re-circulated around the test facility using two variable speed pumps. The oil is supplied from the separator to the main oil pump under gravity and then to the oil flow metering section. A side-stream sampling loop and main bypass loop are fitted on the delivery side of the pump. The same configuration exists on the water side. The bypass loops permit control over the pressure and flow rates of the phases in the test section; the sampling loops provide information on any cross contamination in the oil and water process streams. The level of liquid cross-contamination is continuously monitored and the reference liquid flow rates corrected.
The oil and water flow through their respective reference metering sections, and then are combined in a mixing section. During this experiment, no gas was delivered to the system, however, this can be provided by evaporation of liquid nitrogen on demand and is injected directly after the oil/water mixing section before passing through the test section.
The oil and water samples are taken for fluid property determination prior to each test program. Fluids in test are the Paraflex HT9 refined oil and aqueous solution of Magnesium Sulphate of concentration 120g/l (based on MgSO4.7H2O). The summary of the test fluid properties provided by NEL is presented in Table1.
The test section is shown in the lower part of Fig. 6(a) . It is composed of a horizontal transparent pipe installed upstream, a blind-tee, a transparent pipe and an ERT sensor unit installed vertically. The length of vertical pipeline before the ERT sensor was 1 meter downstream of the blind-tee mixing section. All pipes have 4 inches (10.16 cm) internal diameter and the transparent pipes are used for the purpose of visual observation during the experiments. The last installation feature which many (but again not all) multiphase flow meter installations having as a standard procedure is the blinded-tee, which is used to significantly eliminate flow patterns effects, condition/homogenize the oil water mixture, and reduce phase slip between water and oil. In the vertical orientation, oil is more evenly distributed across the pipe unlike horizontal flow where due to gravity difference, immiscibility and density contrasts it separates out of the water.
The ERT sensor shown in Fig. 6(b) is composed of dual sensor planes separated by an axial distance of 70 mm to balance the non-uniform distribution in a vertical orientation by averaging experimental results of the two sensor planes. Each of these ERT planes includes 16 electrodes with a rectangular contact area of 4.5 mm width and 20 mm height per electrode. All electrodes are mounted on the inner wall of a stainless steel pipe in a non-intrusive manner, and connected to the v5r ERT system.
C. Test Matrix
Tests were carried out according to the Table 2-4 in which the total flow rates of oil and water were set to be 30, 60 and 90 m 3 /hr, respectively. In each test, the total flow rate was kept constant and the flow rates of oil and water varied to create the 0-0.4 reference oil volume fraction.
D. Experimental Procedures
The flow loop was set up following the test matrix in Table 2 -4. Each test run was repeated three times. After a new flow rate scenario was adjusted, the loop ran for several minutes to be stabilized before measurement. In a practical situation, it was difficult that the oil volume fraction perfectly matches the reference value in the fourth column Table 2 -4. The real value was just as close to the reference value as possible and was measured by NEL's flow meters. In each experiment, the ERT system collected 5000 frames of images at a rate of 125 frames per second. Fig. 7 shows different (747 th , 833 rd , 855 th and 984 th ) frames of conductivity tomographic images of the oil-water two-phase flow at water volumetric flow rate of 27 m 3 /hr and oil volumetric flow rate of 3 m 3 /hr. A single frame of conductivity image has 316 pixels and displays a circular conductivity distribution for a circular sensor using a color scale. The colors covering from red to blue corresponds to high conductivity phase (water) to low conductivity phase (oil). In Fig. 8(a), (b) and (c), the patches of blue illustrate the presence of oil. However, it can be shown from the whole Fig. 7 that the location and occurrence time of blue is not certain due to the complexity and discontinuity of oil-water two-phase flow in the pipeline. However, a single tomographic image cannot reflect whole flow dynamics. A more suitable substitute is stacked tomographic image. 
IV. RESULTS AND DISCUSSIONS
A. Conductivity Tomographic Image
B. Stacked Tomographic Image and Axial Oil Volume Fraction
The central strip with 20 pixels on the tomographic images on Fig. 7 can be stacked together to form a series of consecutive frames over time. Fig. 8 shows axially stacked images extracted from 200 consecutive frames over 1.6 seconds, where the oil volume fraction varies from 0.1, 0.25 and 0.4 under the same total volumetric flow rates 60 m 3 /hr. In the images, the blue areas represent lowest conductivity and the red areas represent highest conductivity. As the increase of oil volume fraction in the two-phase flow, the red areas fade out while the blue areas reinforce. The stacked images produced by the ERT can help to visualize and monitor the flow patterns inside the opaque pipes.
The stacked image is a qualitative, rather than quantitative. In order to analyze the oil-water two-phase flow in quantities, the real-time overall oil volume fraction is displayed. Fig. 9 shows the oil volume fraction distributions and 200 corresponding axially stacked images with the same oil volume fraction of 0.25 but three different total volumetric flow rates (30, 60 and 90 m 3 /hr). The images are laid horizontally for a better and easier comparsion. In all of Fig. 9 , the oil volume fractions fluctuate over time and a few large wave crests correspond to the blue areas, namely low conductivities in the upper stacked images indicated by the red arrows. These features illustrate the complexity and discontinuity of oil-water two-phase flow in the pipeline. As the total volumetric flow rate increases from 30 to 90 m 3 /hr, the fluctuation of oil volume fraction over time decreases. This again demonstrates that the oil and water is mixed more homogeneously with the increase of total volumetric flow rate.
C. Radial Oil Volume Fraction Distribution
In each test scenario, the ERT system collects 5000 conductivity images with 316 pixels over 40 seconds. The conductivity image is converted into oil volume fraction image using Eq (4). The averaged oil volume fractions are plotted in 3D format to exam the effect of oil and water flow rate on the oil distribution. In Fig. 10 , the reference oil volume fraction is about 0.25, but the oil and water flow rate is different. Fig. 10(a) corresponds to 30 m 3 /hr total flow rate. The oil volume fraction is centrally symmetric with a bellshaped distribution. The contours on the x-y plane evidently demonstrates symmetry of gas bubble distribution. When the total flow rate increases to 60 and 90 m 3 /hr. The oil volume fraction has less variation cross the sensing plane, which means the oil is distributed more evenly.
It is difficult to plot multiple 3D oil volume fractions into one figure to observe the evolution of oil volume fraction. Therefore, 2D radial oil volume fraction is a better presentation. A tomographic image grid Fig. 11(a) can be split along the radial direction of the pipe into 10 zones including one central zone and nine concentric circles, as shown in Fig. 11(b) . Averaging the local oil volume fractions at all pixels of certain region yields the oil volume fraction of corresponding region in the consideration of approximated radial symmetrical feature of developed vertical flow. The oil volume fractions of all regions constitute the radial oil volume fraction distribution.
The flow rates of oil and water vary to create the 0 to 0.4 oil volume fraction range at oil and water total flow rate 30, 60 and 90 m 3 /hr respectively. The radial oil volume As for the low total volumetric flow rate at 30 m 3 /hr, the stratified flow in which oil is upper and water lower is evidently observed in the horizontal pipe. After the flow passes through the blind-tee and enters in the vertical pipe, the flow is homogenized to a certain extent. The diameter of dispersed oil droplet is different due to the different strength of flowing shear force where the diameter of oil droplet is decreased as the increasing flow rate. The oil droplet diameter is greater enough and it always be distributed in the core of pipe cross section when the mixture flow rate is lower. As the increasing mixture flow rate, say 60m 3 /h and 90 m 3 /h, the flow regime is changed to very fine dispersed flow which oil phase performed as homogenous distribution in the pipe cross section [19] . As shown in Fig. 12(a) , the oil radial volume fraction has a bell-shaped distribution that is high fraction at the center of the pipe and low fraction towards the internal pipe wall, and the oil radial volume fraction distribution shifts upward rapidly with the increase of oil volume fraction. However, the validity of the oil radial volume fraction profile measured at 0.302, 0.352 and 0.401 are doubtful, since the volume fraction in each region is larger than the overall reference value. One of the possible reasons is because oil and water are not mixed uniformly due to the relative slow flow rate, hence the critical condition σ k σ 1 for Eq. (1) is not satisfied. Another possible reason of overestimation is probably because the twophase flow system is out of a water-continuous region and in the inversion region generally having an oil volume fraction above 0.3. The exact phase inversion point is difficult to predict due to depending on the water-in-liquid ratio, the density and/or viscosity of oil and water, salinity and the presence of other chemicals such as surfactants [20] . It should be noted that among all profiles the one corresponding to oil volume fraction of 0.05 being the ratio of water volumetric flow rate of 28.5 m 3 /hr to the total volumetric flow rate of 30 m 3 /hr is absent because 1.5 m 3 /hr was below the calibrated range of the NEL oil reference flow meter.
As the total volumetric flow rate is 60 m 3 /hr, the radial oil volume fraction distributions at different oil volume fractions are plotted in Fig. 12(b) . It can be seen that the positive correlation of the radial oil volume fraction with the oil volume fraction is also observed. Compared with the profiles at 30 m 3 /hr, the profiles have much flat with a little fluctuation, which denotes oil is more uniformly dispersed in water.
In the case of the total volumetric flow rate of 90 m 3 /hr, the radial oil volume fraction distribution in Fig. 12(c) has the pretty similar shape and tendency to that of 60 m 3 /hr. These illustrate that the flow patterns at the two total volumetric flow rates are basically same in the oil volume fraction range up to 0.4. The phenomena that the radial oil volume fraction distribution is more and more even with the increase of the total volumetric flow rate can also be found in Hua Li's work carried out in the oil-in-tap water two-phase flow [21] .
Along the increase of oil/water flow rate, the development of the oil volume fraction profiles obtained from our experiment have every good agreement with previous measurement based on point-based probe [22] . It is noticeable that in our results shown on Fig. 12(b) and (c) particularly, the oil volume fraction close to the pipe wall is not much lower than that of the central pipe. Because in order to display real-time tomographic image, the sensitivity coefficient back-projection image reconstruction algorithm was employed, which produced lower image resolution and could not display the oil volume fraction close to the pipe wall.
In the whole experiment, the oil volume fraction was set to 0.5 for three flow rates. However, the results delivered by v5r ERT system are inaccurate. That proved phase inversion happened within the oil volume fraction range from 0.4 to 0.5. Phase inversion is defined as transition point where the continuous phase starts to disperse and vice versa. The phenomenon of phase inversion is commonly found in stirred tanks and pipe flow. When the oil water mixture reaches the phase inversion point, the dispersed phase gradually begins to coalesce and the continuous phase steadily breaks-up and the inversion process occurs. The working principle of ERT requires a conductive medium for current to pass through. When the oil volume fraction is below 0.4, oil is the dispersed phase. Whereas the oil volume fraction is more than 0.5, water is wrapped by the continuous oil, current cannot conduct from the ERT electrodes anymore and the measurement results are not valid either.
Though the radial oil volume fraction distribution can reflect the oil flow distribution in the cross section of the pipe, it is still desirable to quantitatively validate the measurement results with these obtained from other techniques. A complementary physical quantity, the overall oil volume fraction, can be used to judge quantitatively the accuracy of ERT measurement by comparing with the real oil volume fraction provided by NEL.
D. Overall Oil Volume Fraction
The overall oil volume fraction is generated by averaging all of the local oil volume fractions at all 316 pixels in all 5000 frames of oil volume fraction images. Comparisons of the overall oil volume fraction obtained from ERT with the real oil volume fraction provided by NEL under three constant total volumetric flow rates are plotted in Fig. 13 .
As the total volumetric flow rate is 60 and 90 m 3 /hr respectively, the total oil volume fraction obtained from ERT coincides with the real oil volume fraction provided by NEL in the range from 0 to 0.4. The total oil volume fraction obtained from ERT also coincides with the real oil volume fraction provided by NEL in the range from 0 to 0.3 at the total volumetric flow rate of 30 m 3 /hr while the overall oil volume fraction is gradually overestimated outside the range of 0-0.3.
V. CONCLUSIONS
The voltage source Electrical Resistance Tomography (ERT) and its optimal switching timing are two significant technological breakthroughs contributed to ERT technique. Therefore, ERT is able to measure oil-water two-phase flow with highly conductive continuous water phase. The experimental results prove the capability of ERT in this practical industrial process. ERT is able to provide both the cross-sectional tomographic images and the axially stacked images to visualize flow pattern and the fluctuating real-time oil volume fraction provides complemental information for flow patterns analysis. The radial oil volume fraction profiles reveal the distribution of oil phase on the cross-section of the pipe over a long time period. The profiles have different forms due to the variation of oil and water flow rate. The phase inversion point is a crucial factor to determine the working range of ERT measurement. In general, the total oil volume fractions measured by ERT has good agreement with the readings provided by NEL. The capability of ERT measurement for highly conductive oilwater two-phase flow is validated.
